Abstract
Introduction
Preterm births (< 37 gestational weeks) and very preterm births (< 32 gestational weeks) have constituted a growing public health issue in developed countries over the past 30 years. Indeed, epidemiologic studies show a growing number of preterm and very preterm births [1] associated with a better survival of preterm infants [2] . This is largely due to medical advances in neonatal intensive care units (NICU) and management of high-risk pregnancy. However, preterm infants are known to be at risk of developing neuromotor disabilities, as well as cognitive and behavioral disorders [3] . In NICU, infant care is a subject of major preoccupation leaving sometimes parental distress in the background. However the impact of a very preterm birth on the parental affective state is of high concern, as it constitutes a stressful event that may lead to post-traumatic stress reactions of the parents [4] . Indeed they have to cope with the fear of the infant's death, the immaturity of the child and the risk of possible severe handicaps. Moreover, these concerns persist for weeks or months after the birth, constituting a lasting traumatic event with potential retraumatisation experiences.
Moreover, the parents of preterm infants often lack psychological support after the hospital discharge of the baby, although they are at high risk of developing mental disorders such as major depressive disorder, anxiety disorders or post-traumatic stress disorder [5, 6] . Indeed, it has been shown in several studies that mothers of preterm infants report more severe levels of depression and anxiety in the neonatal period than mothers of full-term infants [7, 8] . The premature birth may also affect the emotional state of the mothers more durably, as studies reported persistent depressive symptoms and post-traumatic symptoms one year after birth [9] . More generally, it has been shown that untreated perinatal anxiety has a negative impact on maternal health [10] [11] [12] .
In most studies, maternal depression and perinatal anxiety have a clearly negative impact on the mother-infant relationship [13, 14] . Studies have examined the effects of maternal depression on the interactive relationship and found links between depression and infant cognitive, emotional and developmental delay [15] [16] [17] [18] . Thus, the importance of the parents' role in the lives of preterm infants and concerns for the developmental outcomes of these high-risk infants is now recognized. Environmental factors have been demonstrated to outweigh medical variables as predictors of cognitive development, language and school performance [19] [20] [21] [22] and appear to have a more powerful role in predicting social and cognitive outcomes among premature infants than term babies [23, 24] . This is why promoting the maternal psychological well-being and mother-infant relationship is so crucial. With this goal, some teams develop intervention programs and others create scales to track and measure the quality of the motherinfant interactions [25, 26] .
However, while the data are very consistent about the impact of anxio-depressive state of the mothers on mother-infant interaction and infant outcome, only few studies examined the impact of post-traumatic symptoms after a premature birth [27] , although this event is known to possibly induce post-traumatic stress symptomatology [5] . Therefore, the aim of our study is to assess the impact of post-traumatic reactions of the mother on the mother-infant interaction during the first year after birth. Our main hypothesis was that emotional and post-traumatic reactions of the mother after a preterm birth may impair mother-infant interaction, even if the baby is in good health. 100 mother-infant dyads with a term inferior to 32 gestational weeks at birth were included at the NICU of 3 university hospitals in France. To follow our hypothesis, premature babies at high risk of neurodevelopmental impairment, ie with high perinatal risk score were excluded of the study. For the 62 dyads followed up to 12 months, our results show that the quality of mother-infant interaction 12 months after birth is correlated with the traumatic reaction of the mother 6 months after birth. Moreover it is correlated with the anxious and depressive symptoms of the mother 6 and 12 months after birth, whatever social support she may benefit from.
Material and Methods

Study design
This study is part of a larger multicenter prospective study performed in 3 French university hospitals (Reims, Nancy and Besançon) between January 2008 and January 2011. The design of the study was already described elsewhere [28] . 100 dyads were included. At their admission to NICU, dyads were screened for inclusion in case of very preterm birth (<32 gestational weeks). Exclusion criteria for the mothers were an evident psychiatric illness, drug abuse, age under 18 and language barrier. For the newborn, unfavorable vital prognosis evaluated with the Perinatal Risk Inventory (PRI, [29] ), malformation and/or genetic anomaly diagnosed before the inclusion constituted exclusion criteria. These criteria led to the exclusion of 60 dyads out of 230 screened for inclusion (cf the flowchart presented in Fig 1) and enabled us to select a population of newborns at low risk of neurological sequelae. The entire research program covers 5 visits: the first visit was made in the maternity service within 2 weeks after birth; the second visit, in the NICU, right before the hospital discharge; the three following visits took place at 6, 12 and 18 months, within the framework of the systematic tracking of premature babies in the network of early medicosocial action centers (CAMSP).
This study received the approval of the Institutional Review Board (IRB) of Reims University Hospital for the entire protocol, including multicentric inclusions for a total of 100 dyads. The study was conducted in compliance with good clinical practice, as indicated in the Declaration of Helsinki. Written consent was obtained from all the patients after providing specific information about the study. Patients were free to refuse to take part in the study or to withdraw from it at any stage on simple request, without any alteration to the care provided to them. Data collection was made anonymous.
Assessment
The assessment of the mother's psychological condition and of the mother-infant interactions was made by using several validated scales (Table 1) during the different visits. Sociodemographic variables were gathered at inclusion [28] .
The evaluation of the mother's traumatic reaction was done by using the modified Perinatal Post-traumatic stress disorder Questionnaire (mPPQ [30, 31] ). This self-report questionnaire is specially adapted to the parents of perinatal high-risk children, in order to evaluate the presence of traumatic elements concerning the birth. For this measurement, we decided to use a cut-off score of !19 [30] , which identifies a high risk of trauma in the maternal population needing specific care (as referral for therapy). We also evaluated the maternal co-morbidity using the Hospital Anxiety and Depression Scale (HADS [32, 33] ), which is a self-report questionnaire divided into 2 sub-scales (anxiety and depression HADS sub-scales). It allows episodes of recent anxiety and depression to be evaluated and to attribute an overall score for each one. We have used a cut-off score of 8 or above, which is suggestive of clinically significant anxious (HADS anxiety sub-scale) or depressive (HADS depression sub-scale) symptomatology [34] . The Edinburgh Post-natal Depression Scale (EPDS [35] ) consists of a self-report questionnaire that tracks postnatal depression. A score of 12 or above is suggestive of clinically significant depressive symptomatology. The EPDS cutoff has been found to identify major Mother-Infant Interaction 12 Months after Preterm Birth depression in women, with a good sensitivity and specificity [36] . The scales used to evaluate mothers' emotional state are screening tools that help to detect a risk for traumatic or anxiodepressive states with a high sensitivity [30, 36] . Mothers with abnormal scores were addressed for specific psychological care with psychologists, psychomotor therapists or psychiatrics, who evaluated the need for specific care by clinical evaluation.
The Social Support Questionnaire (SSQ [37] ) is a self-report questionnaire, composed of 6 questions. For each question, the mother writes the names of the people of whom she can rely on (maximum 9 people) and sorts them from the most supportive (first position) to the least supportive (last position). The score is obtained by adding the number of people mentioned in each question. The mother gives also a score of satisfaction indicating the level of fulfillment concerning this support.
We identified infants who were at risk of significant developmental abnormalities by using the Perinatal Risk Inventory (PRI, [29] ). This scale is composed of 18 items that describe the weight of the perinatal problems and the severity of the perinatal risk, based on perinatal factors such as the Apgar score, the gestational age, the weight or the cranial perimeter. The score can be from 0 to 51. A score >10 identifies infants at risk of significant developmental disabilities. The developmental evaluation of the baby was made using the Denver Developmental Screening Test (DDST, [38] ). This test allows estimating the abilities of the child from 0 to 6 years old in various domains of the development (global motricity, language, fine motricity, social contact). PRI and DDST assessment was made by trained pediatricians blind to the results of the questionnaires fulfilled by the mothers.
The mother-infant interaction was evaluated by the Pediatric Infant Parent Exam (PIPE [39] ), a screening tool for mother-infant problematic interaction [40, 41] . This scale is usable for infants between 0 and 18 months. The mother is invited to play during a short duration with her baby. The observer of the interaction grants a score to the degree of interactional reciprocity and to positive affect at the beginning, during and at the end of the game. Each of these 3 segments of the game is evaluated on a scale from 1 to 6, the lowest scores being attributed to the more favorable types of interaction. A total score is then calculated by adding the 3 obtained scores. PIPE assessment was made by trained psychologists and psychomotor therapists blind to the results of the questionnaires fulfilled by the mothers.
Statistical analysis
Normality tests were performed for all variables. Clinical scores with discrete values (PPQ, HADS, EPDS, SSQ, PRI, Apgar and PIPE) did not follow a Gaussian distribution. ANOVA tests were used to compare quantitative normal variables between our sample, the lost of follow-up and the initial population of the study. Kruskal-Wallis rank sum tests were used to compare quantitative non-normal variables in these 3 populations. Chi2 tests were applied to compare qualitative variables according to these 3populations. Paired t-test was applied to compare the corrected age and the developmental age estimated by DDST. Spearman's rank correlation analysis was used to measure the strength of the relationship between two quantitative variables. A p-value of less than 0.05 was considered statistically significant. Statistical analyses were performed with R environment [42] and Rcmdr interface.
Results
Population sample
During the first year of follow-up, 93 dyads were evaluated at the hospital discharge (7.2 ± 3.6 weeks after birth), 77 dyads were evaluated 6 months after birth, and 62 dyads were evaluated 12 months after birth (Fig 1) , corresponding to an attrition rate of 38% at 12 months. This attrition was due to infant death (2 infants), lost to follow-up (20 dyads), dropping out of the study (9 dyads) or family moving out (7 dyads). The sample of 62 dyads did not differ from the initial population of 100 dyads and from the 38 dyads who withdrew from the study in term of infants and mothers' characteristics at the inclusion (Table 2 ). In the population who withdrew from the study, the mothers tended to have had less C-sections but this is not statistically significant (p = 0.07). At inclusion, 41 infants (41%) were fed with their mother's breast milk, given by a feeding tube or pipette. 34 (34%) received artificial milk replacer and 25 (25%) received both.
At the assessment at 12 months, the mean baby age was 12.67 months ± 1.4, the mean corrected age was 10.22 months ± 1.4. The mean DDST score at 12 months was 11.4 months ± 1.8. 32 infants (52%) were delayed in comparison to their age, with a mean delay of 2.3 months (with a range from 1 to 9 months). 2 infants displayed a developmental delay superior to 6 months. The mean personal-social sub-score was 11.6 ± 2.0, the mean fine motor adaptative sub-score was 11.8 ± 1.7, the mean language sub-score was 11.3 ± 1.9, and the mean gross motor sub-score was 10.8 ± 2.2. The mean DDST score was significantly lower than the mean real age (p = 3.4x10 -6 ) and significantly higher than the mean corrected age (p = 2.6x10 -6 ).
Correlation between mother-infant interactions at 12 months and mothers' clinical characteristics at 6 and 12 months after birth
The median PIPE score at 12 months was 3 (3-6 as 10 th and 90 th percentiles): 44 dyads (71%)
showed a highly adaptative score (3 or 4); 18 dyads (29%) showed a marginally adaptative score (5 to 9), no dyad was assessed with a problematic interaction (score from 10 to 18). The mothers' clinical assessment was performed at 6 months and 12 months. At 6 months, the median PPQ score was 15.0 (3. A positive correlation is found between PIPE score at 12 months and PPQ score assessing the mother's post-traumatic stress reaction 6 months after birth (Table 3A) . A trend is also observed towards a correlation between PIPE score at 12 months and PPQ score at 12 months and at the hospital discharge (Table 3A) .
The PIPE score at 12 months was correlated with HADS anxiety scale score and EPDS score at 6 months and HADS anxiety scale score, HADS depression scale score and EPDS score at 12 months (Table 3A) . It was not correlated with the initial assessment of anxiety in mothers by HADS anxiety scale 2 weeks after birth or at the hospital discharge or with the initial assessment of mother depressive state by HADS depression scale 2 weeks after birth or by HADS depression scale and EPDS at the hospital discharge.
Regarding the social support, the partner, ie the father of the baby, was mentioned by the mothers as a supportive person in 71.4% of the cases. The partner was mentioned in first position in 65% of the cases. The other people mentioned by the mothers in first position were their parents, ie the maternal grand-parents of the baby in 18.8% of the cases (as follows: the 2 parents in 11.2% of the cases, only the mother in 6.6% and only the father in 1%) and other people in 16.2% of the cases (including their brother or sister, their friends and their parents in-law ie the paternal grand-parents of the baby). No correlation was observed between the PIPE score at 12 months and SSQ scores (SSQ number score and SSQ satisfaction score) at any assessment time.
The PIPE score at 12 months was not correlated with the obstetrical history of the mother (Table 3A) .
Correlation between mother-infant interactions at 12 months and babies' clinical characteristics
A trend was observed towards a negative correlation between PIPE score at 12 months and DDST score at 12 months (Table 3B ). This trend was also observed between PIPE score and DDST sub-scores, with a significant correlation between PIPE score at 12 months and the fine motor adaptative sub-score (ρ = -0.28, p = 0.03 Ã , Table 3B ).
The PIPE score at 12 months was not correlated with the initial clinical characteristics of the baby (Table 3B) . No correlation was observed between the PIPE score at 12 months and the perinatal risk assessed by the PRI score 2 weeks after birth and at the hospital discharge (Table 3B ). To note, DDST score at 12 months was not correlated with PRI score 2 weeks after birth (p = 0.94); a trend towards a correlation between DDST score at 12 months and PRI at the hospital discharge was observed (ρ = 0.22, p = 0.15).
Factors influencing mothers' traumatic reaction 6 months after birth
Given that the PIPE score is influenced by the mother's post-traumatic stress reaction 6 months after birth, we aimed to determine the factors correlated with this traumatic reaction.
The PPQ score at 6 months was positively correlated with the delivery conditions (Table 4A) . It was also correlated with the anxio-depressive state of the mother at the inclusion, at the hospital discharge and 6 months after birth (Table 4A) . As for the baby's clinical characteristics, the PPQ score at 6 months was correlated with the intrauterine growth restriction and with the PRI score at inclusion (Table 4B) .
To note, the PPQ score at 12 months was also found to be correlated with delivery conditions and was highly correlated with the scores of depression and anxiety HADS and EPDS at all assessment times (S1 Table) . By contrast, no significant correlation was found with the PPQ score at 12 months and the baby's clinical characteristics.
Discussion
Our study aimed at evaluating the impact of mothers' traumatic reaction on the mother-infant interactions 12 months after a preterm birth, in a population of preterm babies at low risk of neurodevelopmental sequelae, to target the maternal determinants of mother-infant interaction. We showed that the traumatic reaction at 6 months and clinically significant anxious and depressive symptoms experienced by the mother at 6 and 12 months after birth are correlated to the quality of mother-infant interactions at 12 months. However we showed that anxious or depressive symptoms of the mother during the neonatal period are not correlated to the quality of mother-infant interactions at 12 months. We also found that, in a population of premature infants with low perinatal risk, the initial characteristics and the initial evaluation of the perinatal risk of the infant are not correlated with the quality of mother-infant interactions at 12 months.
Our study aimed at exploring factors other than the possible neurodevelopmental sequelae of the preterm infants [43] that may play a predominant role in mother-infant interaction over the first years of the baby's life. In a population of infants with low risk of sequelae, it appears that the quality of mother-infant interaction at 12 months is not correlated with the initial clinical characteristics of the baby and with the PRI scores. It is noteworthy that the babies in our sample displayed a mean average developmental delay of 2.3 months at 12 months, with a range from 1 to 9 months. This shows that the majority of the babies in our sample displayed a satisfying development. However, even if PRI at birth was low, 2 babies in this sample have important developmental delay (superior to 6 months). Of note, the 2 dyads concerned did not display problematic mother-infant interaction. This may be due to the limited number of dyads with important developmental delay. Moreover, the DDST is known to be less efficient to detect minor developmental problems that may impact the mother-infant interactions. However, we found that the quality of mother-infant interaction at 12 months is correlated with the fine motor adaptative subscore of the DDST (Table 3B ). This result may indicate that the fine motor skills of the baby, like grasping or clapping, are particularly significant for the mother-infant interaction. This is in line with other studies that demonstrate that the mother's behavior is influenced by the 12-months-infant's object manipulation [44] .
Our results show that the quality of mother-infant interaction at 12 months is correlated with the post-traumatic reaction of the mother 6 months after birth (Table 3A) . A trend towards a correlation between mother-infant interaction at 12 months and the post-traumatic reaction of the mother 12 months after birth is also observed. Very few studies have examined Mother-Infant Interaction 12 Months after Preterm Birth the influence of traumatic reaction of the mother on the quality of mother-infant interaction but some results suggest cognitive biases towards specific infant emotions, thus influencing this interaction [45] . It appears that the traumatic reaction of the mothers is highly correlated with the anxiodepressive state of the mother at all assessment times (Table 4A and S1 Table) but not with the characteristics of the baby (Table 4B and S1 Table) . This result is in line with several studies, showing that possible parents' post-traumatic stress disorder was not associated with the severity of the infant's illness [46] and that the traumatic reaction was not related to infant characteristics (like gestational age, birth weight, Apgar scores, or length of stay in the NICU), but rather to prolonged uncertainty, disruptions in meaning systems and alterations in parental role expectations [47] . The traumatic reaction is also linked to the obstetrical history of the mother: indeed, a correlation is observed between the PPQ score at 6 months and 12 months and C-section delivery and between the PPQ score at 6 months and the presence of an intrauterine growth restriction. The traumatic reaction at 6 months is also correlated with the PRI score assessed during the first week after the baby's birth. We may hypothesize that the announcement of a high perinatal risk is a source of heavy stress for the parents, which may be deleterious for parental affective state, although the evolution of the possible sequelae is uncertain.
It also clearly appears in our results that the mother-infant interaction at 12 months is correlated with the anxious and depressive state of the mother 6 months after birth and 12 months after birth. This is in line with some studies suggesting that mothers with depression and anxiety are more likely to identify negative emotions in their infant's facial expressions and that they may disengage faster from positive and negative infant emotional expressions [45] . Of note, the mother-infant interaction at 12 months is not affected by the initial anxio-depressive state of the mothers (at birth and at the hospital discharge). This result may suggest that the affective state of the mothers particularly impact mother-infant interaction after the return back home, possibly associated with less medical and paramedical support.
It is noteworthy that the quality of mother-infant interaction and the traumatic reaction of the mother are independent of the social support experienced by the mothers in our study. This stands in contrast with other studies showing that social support might buffer against the potentially traumatic effect of an emergency C-section [48] .
This study has several strengths: the 12-months follow-up enables us to monitor motherinfant interaction over a large period of time; the attrition rate is quite low; the sample size is relatively high comparing to other studies (that classically includes 30 to 70 dyads with preterm birth [27, 46, 49] ); we used a panel of validated scales to evaluate both infants and mothers over time. This study also has some limitations: firstly, the assessment of mother-infant interaction at 12 months shows no dyad with problematic interaction, which may be explained by the exclusion of premature babies at high risk of neurodevelopmental impairment from the study but may also be due to the sample size; secondly, we lack a control group of dyads with full-term birth, which limits the value of our results; thirdly, the statistical analysis was limited by the non-Gaussian distribution of the clinical scores and the use of non-parametric tests in bivariate analyses, which prevents us to build regression models to better determine the influence of the different factors in the mother-child interactions.
To conclude, nowadays parental interventions are proposed to help mothers facing premature birth and develop adaptative parental caring for the preterm infant [50] , in particular when the preterm infant develops major complications related to preterm birth. Our results suggest that these parental interventions have to be proposed according to the mothers' psychological assessment and the mothers' obstetrical history. Indeed, it appears that the monitoring of the traumatic reaction and the anxio-depressive state of the mother at 6 and 12 months may represent a very helpful element to predict the quality of mother-infant interaction. This may be done with relatively simple scales (PPQ, HADS and EPDS). Moreover, if the obstetrical history includes a C-section delivery or an intra-uterine growth restriction, or if an announcement of potential neurodevelopmental sequelae is made to the mother just after the birth (whatever the evolution of the baby's abilities in the following months is), it may also be important to propose a psychological support for the parents.
Supporting Information S1 Table. Correlations between PPQ score at 6 months and mother's and baby's clinical characteristics. 
